Background Current coverage of palliative care services in sub-Saharan Africa (SSA) remains woefully inadequate, but harnessing mHealth could be one approach to facilitate greater service coverage and engagement with patients with life-limiting progressive disease. Aims A systematic literature review to identify the development and use of mHealth in palliative care services in SSA. Methods 13 electronic databases from 1990 to 2015 were searched alongside the manual searching of journals and citation searching of included article reference lists. Articles were assessed against inclusion and exclusion criteria and study details extracted and tabulated by two researchers. Studies were plotted against a modified WHO mHealth and ICT framework to classify how they are targeting health system strengthening. Results Of the 1110 articles identified, 5 met the inclusion criteria, describing mHealth use in Nigeria, Uganda, Kenya and Malawi. Descriptive analysis has shown that existing mHealth interventions for palliative care services in SSA are limited in number and are being developed for use at the palliative treatment, guidance and coordination stage of care provision. Levels of detail about the development and structure of interventions are low. Conclusions mHealth interventions for palliative care in SSA are limited. This is an opportune time to explore how evidence-based mHealth interventions could form part of the evolving palliative care services in the region.
BACKGROUND
Palliative care is emerging across sub-Saharan Africa (SSA) and is now present in 24 of the 51 countries in the region, up from only five in 2004, but <5% of people with palliative care needs have access to supportive care. 1 In 2013, there were an estimated 24.7 million people living with HIV in SSA, 2 with 1.1 million deaths due to AIDS. 3 Additionally, in 2012 there were 847 000 new cancer cases (6% of the world total) and 591 000 deaths (7.2% of the world total) across the continent. 4 The demand for palliative care is high and rapid development of palliative care services is urgently needed. 1 Particular attention needs to be given to how palliative care can be provided to patients with cancer in the region. Much of the development of palliative care services in recent years was driven by the needs of adult HIV patients, 5 but recent policies and declarations constitute a new global noncommunicable disease (NCD) agenda inclusive of integrated palliative care. 6 The delivery of palliative care in SSA has utilised innovative approaches, characterised by invention in the face of low resources, inadequate investment and a focus on community rather than inpatient care. 7 8 Differing methods of service delivery exist, such as roadside care delivered by Hospice Africa Uganda, 9 alongside palliative care services delivered at the specialist, district hospital level and community level. Recent efforts have focused on mapping such models of palliative care delivery and questioning how to develop and extend their reach. 1 An emphasis on initiatives around education and training continue, with these seen as essential components of the WHO public health model for palliative care. 10 Utilising mHealth technology has been highlighted as an approach to enhancing palliative care services through, for example, rapid access to clinical and social support networks and increasing health communication to patients and their caregivers.
11 mHealth refers to medical and public health practice supported by portable devices, such as mobile phones, patient monitoring devices, personal digital assistants and other wireless devices. 12 Approaches using mHealth have demonstrated the capture of individual and health-related data at low cost, 13 and have been successfully used by frontline healthcare workers for remote data collection and monitoring, and diagnostic and treatment support in several developing countries.
14 Of particular advantage in low-resource settings are the fewer requirements on infrastructure compared with health information systems, making scale-up seemingly more feasible. 15 Condition-specific application of mHealth in this context has included communicable diseases, such as HIV and tuberculosis (eg, improving medication adherence 16 17 18 and appointment attendance) 19 20 and NCDs to a much lesser extent. 21 The rationale for an mHealth focus in SSA health research is underpinned by the increase in mobile phone access regionally, from ∼5% to 70% during 2000-2008, now reaching more than 380 million users. 22 Mobile networks in this region reach more people than any other advanced communication technology and access exceeds that of basic services, such as electricity, sanitation and financial services. 23 To help steer efforts in the development of mHealth activities, a recent initiative by the WHO and partners developed the 'mHealth and ICT Framework'. 24 The framework describes mHealth activity as constructed around standard health system goals and places intended users and beneficiaries in central focus. The work stems from a need to describe types and uses of mHealth generally, as explored in the WHO global survey on eHealth. 25 The framework is able to guide mHealth development by encouraging mHealth efforts that are integrated into the existing health system functions, rather than as stand-alone solutions. While initially developed in reproductive, maternal, newborn and child health, there is scope to draw on the basis of the framework to inform other fields of health research.
Integration of mHealth into palliative care has been seen across the USA and Europe, with reported benefits including supported pain management 26 and improved communication between patients and health professionals. 27 With emerging evidence for the benefits of mHealth and the widespread use of mobile phones in SSA, the need to harness new technologies, while respecting cultural traditions, has been highlighted as one possible approach to extending the reach and provision of palliative care while maintaining quality. 11 Two recent systematic reviews have documented mHealth development in SSA; one provides guidance on mHealth development informed by earlier research, 28 the other provides a strategic framework to highlight evidence gaps around mHealth. 21 Neither provides a focus on mHealth as part of palliative care provision in the region. Consolidation of existing literature on the development and use of mHealth through a systematic search of the literature can be used to provide guidance to future research initiatives. By further contextualising findings using the WHO mHealth and ICT Framework, identified studies can be understood in terms of how they might support health systems strengthening in SSA palliative care.
AIM
Our aim was to conduct a systematic review to identify the development and use of mHealth in palliative care services in SSA.
METHODS
A systematic review of research literature was undertaken to identify the use of mHealth approaches in SSA palliative care. The review took a broad definition of mHealth use across palliative care in this setting, with interpretation of findings orientated towards identifying and reporting the development and use of mHealth interventions. The review was undertaken in six stages: (1) development of search strategy, (2) generation of inclusion and exclusion criteria, (3) literature searching, (4) assessment of relevance of identified literature, (5) data extraction and tabulation, (6) overview of existing literature and descriptive analysis.
MeSH headings and keywords were identified ( see online supplementary appendix A) and relevant databases selected and searched in consultation with a healthcare information specialist at the University of Leeds (see table 1 ). Inclusion of disease group terms was included to broaden the database searches and complement the mHealth, SSA and terminal/palliative care components. Potentially relevant references from bibliographies and citation indices were identified and abstracts assessed against selection criteria. The search was carried out during April 2015.
Inclusion criteria were developed through consensus by the research team. To be included, articles had to describe research on the design, development, testing or evaluation of mHealth approaches by health professionals in support of patients with life-limiting progressive illness or by the patients themselves to support or interact with their care providers. The patient population was intentionally broad to capture mHealth use across disease groups accessing palliative care. To be considered an mHealth intervention, interaction with a mobile device by health professionals or patients to communicate either directly or indirectly with palliative care providers had to be documented. Intervention development or use was limited to SSA.
Papers were excluded that (1) provided no description of an mHealth intervention; (2) described systems that were not designed for, or known to be used to enhance care for, patients with advanced or lifelimiting progressive illness and (3) discussed palliative care services, but not involving the use of mHealth technology by patients or health professionals.
Titles and abstracts were screened for relevant articles by MA (lead author), for which full text reports were sought and assessed against the inclusion/exclusion criteria to identify eligibility for the descriptive analysis. Details of study identification and selection process are shown in the flow chart (figure 1 ), developed using PRISMA guidelines. 29 Data were extracted from eligible studies by MA into a tabulated form and checked by a second reviewer (RAP).
Following data extraction, the WHO mHealth and ICT framework 24 was used as the basis for plotting the uses of mHealth described in the included articles. The initial framework was developed for reproductive, maternal, newborn and child health and was adapted for palliative care. Content of the WHO mHealth and ICT framework was modified to include a care pathway tailored for palliative care provision in SSA.
1 A draft version of the adapted framework was shared with seven palliative care organisations from Rwanda, Kenya and Uganda for comment. Following iterative revisions, the framework was agreed, creating a tool with which the research team could discuss and plot the intended use of mHealth interventions while charting them against a palliative care pathway representing service provision in SSA.
RESULTS
The database searches yielded a total of 1110 citations after duplicates were removed. As charted in figure 1, following record screening and full text assessment, five articles were included in the review. Our assessment of titles and abstracts identified no non-English papers that met the inclusion criteria. A summary of the included articles is provided in table 2.
Regions and use of mHealth interventions
Articles discussed mHealth interventions from four SSA countries: Nigeria, 32 33 Uganda, 31 Kenya 30 and a study reporting across Kenya and Malawi. 11 Only one intervention 33 involved palliative care patients in an mHealth intervention. The remainder involved caretakers of palliative care patients 11 31 and health professionals. 30 32 Most articles referred to mHealth interventions supporting cancer care, 30 31 32 33 with one outlining their use in the care of HIV and AIDS patients.
11 Figure 2 outlines the included studies, plotted against the modified mHealth strategic framework. All mHealth development is occurring at the palliative treatment, guidance and coordination stage of provision. No mHealth interventions are being developed around earlier stages (diagnosis, referral and needs identification), terminal care or as part of bereavement care. Three of the included articles detail patientto-provider communication. In three studies, 11 32 33 patients or their caregivers were provided with the mobile phone number of a palliative care professional and were able to contact them as required for support.
Two articles outlined interventions requiring supporting infrastructure (such as software that could be used to support automated text messaging) and structured processes for interaction with end users (such as scheduling text message contact). The first, with use defined as provider training and education, described use of text messages to a mobile phone as part of an educational intervention designed to enhance training undertaken by palliative care professionals. 30 The second, used for client education and behaviour change communication, involved caretakers of Burkitt lymphoma patients receiving reminders of appointments and information to support treatment adherence. 31 Despite describing three uses of mHealth in palliative care services, there was a lack of detail around infrastructure requirements, platforms used to deliver interventions and hardware and software details across all articles. There was also an absence of reporting of costs relating to intervention delivery (eg, cost of text messages, equipment and infrastructure requirements, staffing costs). In all articles, the reporting of mHealth as part of service delivery was not reported. For example, for patient-to-provider communication, there is a lack of clarity on processes followed by health professionals receiving calls from patients, intended and options for responding or how mHealth forms part of routine practice. However, one study referred to planned routine documentation by health professionals of discussions held with patients or their caregivers over the phone. 33 Similarly, in two articles, there was no reporting on a clear process of when and why patients might make contact with health professionals. 11 
32

Intended location of use of mHealth interventions
The intended location of use (where a patient, caregiver or health professional is expected to use their mobile phone as part of the intervention) provides an indication of the planned structure of interventions. For all studies the intended location of use for patients and their caregivers was flexible, with an assumption of location in the community setting. For health professionals, one intervention required health professionals to update information from calls into a database, 33 potentially limiting location flexibility. All other studies involving health professionals 11 30 32 were flexible about the location of use.
Stage of development of mHealth interventions
Overall, the research studies report early stages of intervention development, with feasibility and exploratory work being reported. A mix of research designs and methodologies were used, including case studies, 11 interviews, 31 questionnaires, 30 questionnaires combined with interviews 32 and descriptive data analysis. 33 Benefits of mHealth interventions identified in the early piloting and exploratory work included: increases to the geographical coverage for accessing patients; 33 making appointment booking and reminders easier to perform; 33 increasing contact between visits to assess change 33 and monitoring symptoms; 32 improving sharing of information with patients' relatives; 32 enabling easier contact with competent healthcare professionals; 11 and allowing health professionals to ensure caregivers provide more effective and efficient care. 32 
DISCUSSION
This systematic literature search outlined existing mHealth interventions developed for palliative care provision in SSA. The use of interventions included patient-to-provider communication, patient education and behaviour change communication, and palliative care provider training and education. The exploratory development identified in all articles reflects the early stage of development for mHealth interventions in palliative care services; 26 34 a reflection of broader development of mHealth in SSA. 28 While the benefits of mobile phone use are reported in the included studies, their effectiveness at enhancing-and impact on-palliative care services has not been explored systematically.
The visual framework outlined in this review was adapted from the WHO mHealth and ICT Framework as a way of categorising mHealth interventions in palliative care in SSA. The framework The utility of the framework is twofold; to inform and guide discussions by palliative care providers of opportunities for mHealth development, but also to chart and record where development has taken place. The latter approach is being fostered by the African Palliative Care Association mHealth Research Network, who are engaging with palliative care providers across SSA to chart where they are exploring mHealth initiatives. This approach enables the sharing of experiences where mHealth has been implemented into practice. The initiative is aligned with the WHO mHealth agenda, where the focus is on reducing resource wastage and programme duplication. 35 This is of added significance in palliative care research in SSA, where research capacity is limited and evidence generation is urgently needed. 7 For palliative care in SSA, while intervention development is at an early stage, there is an opportunity to develop a structured approach to evidence generation. While the review was limited by low numbers of studies and limited reporting of mHealth interventions, it identifies an opportunity for structured development with opportunities to learn from other mHealth developments in the region. An option could be to leverage mHealth technologies that have successfully targeted other health conditions rather than reinventing tools. 36 Focus should also be given to how interventions are measured and evaluated. While much promise is aligned with mHealth interventions, there is a notable lack of rigorous research in the context of developing countries. 37 Ensuring that intervention development is well planned, measured and evaluated is crucial to advancing evidence. In particular, consideration should be given to the targeted change expected to arise from mHealth. Technology alone will not provide a solution to the pressing demands on palliative care in SSA, but it may open up opportunities for more dynamic and expansive services. Understanding how mHealth is planned to supplement or facilitate components of services is an important consideration for evaluation.
The potential of mHealth in supporting the development of existing palliative care services should also be considered. While existing provision of services has historically focused on HIV and cancer, the remit of palliative care in SSA is evolving. In 2014, the 67th World Health Assembly adopted a resolution on strengthening palliative as a component of integrated treatment throughout the life course, which included advanced NCDs such as heart failure and chronic obstructive pulmonary disease. 38 As a consequence, services will need to consider how logistically to manage meaningful relationships with patients potentially requiring longer periods of engagement. The potential role of mHealth in facilitating these relationships has been highlighted, such as supporting medication adherence and communicating supplementary health information. 6 
CONCLUSION
This is an opportune time to consider the potential for mHealth to support palliative care services in SSA; a time of developing greater understanding about how different models of palliative care work within different health systems.
1 While mHealth development is at an early stage, exploration of ways to enhance current service provision can take place, supported by documentation on the framework. However, mHealth development should also be mindful of existing evidence from other conditions, particularly NCDs. This may inform how interventions can be developed to align with the changing composition of patients with palliative care needs, likely with increasing chronic care requirements, during the development of palliative care services in coming years.
